Using 'search'theory, technology adoption is conceived of as a critical factor in the aftermath of a technological shock, which increases employment in the leading sectors and total output in the economy. These implications are further investigated in the present paper, both formally and empirically. Our attempt to investigate this hypothesis empirically across ten OECD countries, appears to provide various a¢ rmative results.
Introduction
There is little doubt that technological advances constitute one of the most important channels that enables an economy to follow a novel evolutionary path. This, indeed, is almost an article of faith for the various models of economic growth, especially those developed in the strand of endogenous growth theory. 1 At the heart of this theory there is a sector that deliberately produces technological 1 innovations. 2 This sector combines human capital with the existing stock of knowledge to produce new knowledge, which enhances productivity, and is available to other sectors of the economy at virtually zero marginal cost (Stern, 1991) . This approach is known as 'innovation-driven' growth (e.g. Andolfatto and MacDonald, 1998; Jovanovic and MacDonald, 1994) . Next to technogenesis, there is increasing attention for the follow-up trajectory, in principal dissemination channels and technology adoption mechanisms; a process of paramount importance. But how can this process be measured? The term 'technology adoption'appears to mean many things to many people, and a great number of theoretical/empirical approaches have been used to account for this process.
Following Romer (1990) , technological change in an economy is the result of the number of workers employed in innovative and technologically advanced sectors. Along those lines, several authors use a parallel way to approximate the process of technology adoption. 3 Closely related to this argument is the contribution of advanced and dynamic technological sectors in driving the process of technology adoption. In other words, this approach involves identifying those sectors which are perceived to be the most receptive to innovation and its utilization. From this perspective, such sectors act as the 'leading' sectors in an economy (e.g. Dosi et al., 1988 Dosi et al., , 1990 Cohen and Levinthal, 1990 ).
This view accepts the argument that 'leading'sectors promote the evolution of the economy as a whole, which constitutes also our point of departure. The underlying motivation for our study stems from an 'input-approach' model based on the premise that the process of technology adoption is re ‡ected through the impact of an exogenous technological shock on employment in leading sectors.
We should emphasize at the outset that the technological shock is assumed to be exogenously determined since our primary concern is to elaborate upon the mechanics of technology adoption, rather than to study the impact of this process on economic growth. Therefore, it might prove more instructive to focus on the aftermath of a technological shock. The key to the understanding of this lies in a thorough comprehension of the nature of the impact on the human resources in leading sectors.
An exogenous technological shock results in an increase in relative sectoral productivity and induces workers with suitable abilities to be employed in technologically advanced sectors. This provides an alternative way forward in approximating technology adoption. To do so, a solid microeconomic 'tool-kit'is at our disposal: namely, 'search'theory 4 , which forms the central conceptual apparatus for our approach. This theory is well established in contemporary economics. Using this framework, Pissarides (1998, 1999) , for example, examine the impact of, exogenous technological shocks on unemployment. However, the process of technology adoption itself is not examined in their study, at least not in an explicit way. 5 Nevertheless, 'search' theory allows an alternative interpretation of the impact of an exogenous technological shock on the level of employment in skill-based (leading) sectors: namely, adoption of technology.
To complete this introduction, a …nal point is in order. This paper aims to make a contribution to the existing literature on the adoption of technology in relation underlying mechanisms by building upon 'search theory'. To the best of our knowledge, the application of such an approach is rather rare in the literature concerning the e¤ects of technology adoption.
In order to achieve our aim, this paper is divided into four subsequent sections. The structure of the model is outlined in Section 2, while the transitional dynamics are examined in Section 3.
Next, the theoretical framework is empirically tested using an extensive dataset from 10 OECD countries. Data related issues are discussed in Section 4, and the model is submitted to the usual econometric tests yielding the main …ndings. Section 5 concludes the paper, and suggests areas for further research.
Modelling Technology Adoption in a ' Search and Matching'Framework

Structure of the Model
A primary concern of this paper is to investigate the mechanisms of the technology adoption in a one-sided 'search-and-matching'context with a two-level ex-ante heterogeneity of workers. 6 Given that the adoption of technology can be encapsulated in the employment in 'leading' sectors, it is more appropriate to consider a 'sectoral'approach. In other words, the economy is subdivided into 4 For a more detailed survey see Rogerson et al. (2005) 5 Some interesting aspects of technology adoption can be found in the work of Linn (2008) concerning energysaving technologies while Bandiera and Rasul (2006) examine the process of technology adoption in agriculture. Weel (2006) attempts to introduce the issue of technology di¤usion in a context of labour market dynamics. This analysis however, is mainly empirical without an explicit theoretical background. 6 The e¢ ciency of a similar two-sided search model has been examined recently by Eleftheriou (2010) . However, the aspect of technology adoption is not examined in this framework. 3 two sectors, a 'traditional'and a 'leading'one. In this model, total production in the economy is undertaken by two sectors, labelled by 1 and 2. It becomes of crucial importance, therefore, to determine which is the leading sector of the economy. Although there is a multiplicity of criteria identifying a sector as 'leading'in the present context, it su¢ ces to state that the distinctive feature between the two sectors is de…ned in terms of productivity. Assuming that the leading sector o¤ers more facilities, then workers with equal skills/abilities will be more productive in the 'leading' sector, relative to the 'traditional'one. This assumption has important implications for analyzing the e¤ects of an, exogenously, determined technological shock 7 that increases the level of relative productivity. Prior to this, however, some assumptions that characterize the labour market of the economy are necessary. To be more precise, we assume a discrete-time, one-sided search model of the which we subsequently denote as
The parameter k is a pre-determined factor that augments relative productivity between the two sectors.
Given that productivity is higher in Sector 1 relative to Sector 2, it follows that the former sector can be conceived as the 'leading'sector of the economy, which is ensured by the assumption that k > 1. Acknowledging the idea that a technological shock induces an increase in k, it is reasonable to assume that this will have an impact upon the employment decisions of workers in each sector.
In order to proceed further however, some additional assumptions are necessary. The rate at which a worker gets an o¤er to work in Sector 1 is ', where 2 (0; 1) is a Poisson arrival rate of a job o¤er, while ' is the probability that this o¤er comes from Sector 1 (stated alternatively, Pr(S 1 j S 1 [ S 2 ) = ', where S 1 and S 2 denote the event of an o¤er from Sector-1 and Sector-2, respectively).
Hence, a worker gets a job o¤er in Sector 2 at a rate (1 '). There is no on-the-job search;
individuals cannot be employed simultaneously in both sectors; and they can be either in a state of employment or unemployment. Workers and …rms discount the future at the same rate r, while the lay-o¤ rate is exogenously determined and equal to , with ; r 2 [0; 1]. A …nal assumption is that the ‡ow value of leisure, b, is equal to zero. 10 
Decision Making, Classi…cation of Individuals and Reservation Income
Maintaining the 'search'theory as the basic vehicle of analysis, the process of individuals'decision making can be described as follows: Let U (a) be the value of unemployment for an individual endowed with skills a 1 ; a 2 , and W i (a) denote the value of being employed in Sector i.
The Bellman equation for the value of unemployment for a worker with skills a 1 ; a 2 is written as follows:
The respective value of employment for a worker with skill vector a in Sector i is given by:
The assumption that the labour market is characterized by perfect competition is made explicit by equation (2), and consequently workers are paid their marginal products. More formally, the lefthand-side of equation (2) indicates the ‡ow value of being employed, k i a i is the wage/productivity; and the product of the lay-o¤ rate ( ) with the di¤erence of being employed and unemployed ([U (a) W i (a)]) constitutes the instantaneous capital loss from a job separation. Thus, individuals form reservation values for a 1 , a 2 ; if there is a capital gain from changing states, de…ned as W i (a) U (a) (<)0, then an individual will accept (reject) a job o¤er in Sector i. More speci…cally, an individual with ability vector a will accept a job in Sector i, if and only if k i a i rU (a); an outcome that can be derived using equation (2) . If ka 1 (<)a 2 and the latter condition holds for a 2 (ka 1 ), then this will hold for ka 1 (a 2 ) too.
Lemma 1 Workers will always accept at least one type of job 1 0 This assumption is necessary in order to avoid the existence of individuals who do not participate in the labour market. Such a restriction can be considered as a participation constraint. Imposing a value of b 6 = 0 accounts for workers who do not participate in the labour market, i.e. discouraged workers. This however, does not alter the generalization of the model, as far as the process of technology adoption is concerned.
, then using equation (1), rU (a) = 0. This, with the aid of (2), yields: 
Proof. Bearing in mind the discussion above and Lemma 1, a value of a 2 = a 2R has to be determined such that ensures the identity W 2 (a) = U (a), which by substituting into equation (2), yields:
Using (1), (2) and (3) gives a 2R (a 1 ) = 'ka1 '+r+ . A similar process can be implemented to show that a 1R (a 2 ) =
To sum up, individuals can be classi…ed into three categories:
accept Sector 1 and Sector 2 jobs 11 ;
ii) Individuals with 0 a 1 1; 0 a 2 a 2R accept only Sector 1 jobs;
iii) Individuals with 0 a 2 1; 0 a 1 a 1R , accept only Sector 2 jobs. Figure 1 illustrates those categories. The horizontal axis measures a 1 , while a 2 are in the vertical axis. Generally, points close to axis a 1 (a 2 ) indicate that workers are more specialized in Sector 1
(2). Along the grey solid line a 2 = ka 1 . Workers below (above) that line are more (less) productive in the 'leading'Sector 1. The solid black line is the graph of a 1 1R , and the dashed line is the graph of a 2R . Workers with a 1 ; a 2 , below a 2R accept jobs only in Sector 1, i.e. the sector in which they are specialized. Similarly, as our assumptions require, individuals with a 1 ; a 2 , above a 1 1R accept only Sector 2 jobs, a sector in which they are more productive. On the other hand, the area between the a 1 1R and a 2R lines indicates the possibility of a mismatch. 12 In particular, although workers in the area between the lines a 1 1R and a 2 = ka 1 accept o¤ers from both sectors and although they are more productive in Sector 2, there is a possibility to …nd themselves working in Sector 1. The
[r+ + (1 ')]k and a 1 1R (â 1 ) = 1). 1 2 For an alternative view of mismatch situation within a labour market matching model with heterogenous workers, see Mukoyama andŞahin (2009). 6 situation in which workers specialized in Sector 1, accept job o¤ers from both sectors, but they may work in Sector 2 is indicated by the area between the lines a 2 = ka 1 and a 2R . One further point is worth noting in Figure 1 . An exogenous technological shock brings an increase in k, which will rotate all lines upwards along the origin. The area below a 2R will increase, while the area above a 1 1R will decrease. In other words, this signi…es an increase in the workers who accept o¤ers only from the leading Sector 1. This, together with a decrease in the workers who accept o¤ers only from Sector 2, can be considered an approximation of the adoption of technology by the economy that will, eventually, lead to a new steady state; a situation of particular interest which is examined next. 
Transition Dynamics and Steady States
What is the aftermath of a 'technological shock' in the steady state of the economy portrayed above? As argued in the previous section, a 'technological shock'can be deemed as an increase in the key element of the model, k. Combining this with the assumption that Sector 1 is the leading sector, such a shock is biased towards this sector, and as a result the productivity of Sector 1 will be increased relative to Sector 2. The critical question, however, as far the process of technology adoption is concerned, is how workers will react as a result of a technological shock. Given Lemma 1 and 2, a Sector 1 biased 'technology shock'leads to the following result: RESULT 1. A Sector 1 biased technology shock increases (reduces) a 2R (a 1R ): namely, more (less) individuals prefer to work only in Sector 1 ( 2 ).
Let t (a) and g t (a) be the densities of unemployed and employed individuals with skill vector a at time t, respectively, satisfying the restriction f (a) = t (a) + g t (a), where f (a) = 1 is the density of the total population. Throughout time, unemployed individuals with 0 a 1 1; 0 a 2 a 2R , are employed at rate ', whereas a fraction of them become unemployed. In this light, g t (a) + ' t (a) g t (a) is the stock of employed individuals with 0 a 1 1; 0 a 2 a 2R , at the end of a given time period. A similar approach can be used to de…ne the stocks of employed individuals with 0 a 2 1; 0 a 1 a 1R and 0 a 1 â 1 ; a 2R < a 2 < a 1 1R andâ 1 < a 1 1; a 2R < a 2 < 1. Thus, the stock of employed individuals with skill vector a evolves as follows: 
Consider an initial distribution g 0 (:). Solving the set of di¤erence equations in (4), the evolution of the distribution function g t (:) is written as follows: 
where = (1 ) and 0 < = + 1:
Equation (5) implies that g t ! g, as t ! 1. Consequently, the steady-state distribution of employed individuals g is de…ned in the following terms:
Another related issue to be considered is the long-run employment in each sector. This can be determined by the steady state distribution of employed individuals. To be more precise, equation (7) gives the individuals employed in Sector 1 in steady state:
Similarly, employment in Sector 2 will be:
where a 1 2R is the inverse function of a 2R andâ 2 = 'k '+r+ with a 1 2R (â 2 ) = 1. Output in Sectors 1 and 2 in the steady-state are given by equations (9) and (10), respectively:
It can be easily shown that
Once this knowledge is introduced, the next important step forward is to describe the transition process of sectoral employment and output after a Sector 1 biased technological shock. Thus,
where k 0 > k and a
'+r+ : The model developed so far, implies three further important results: 13 RESULT 2. Following a Sector 1 biased technological improvement, the new steady state is characterized by: (i) greater employment level and output in Sector 1 and lower employment level and output in Sector 2 (ii) increased aggregate output.
This result is of particular importance for describing the process of technology adoption since it implies that even if employment in the 'traditional'sector decreases as a result of the shock, the total output of the economy will be increased. 
In equation (15) , which, essentially, is an empirical approximation of equation (7) According to the structure of our k is permanent in nature and, consequently, the relevant variable can be approximated in terms of per-hours worked, as argued by Lindé (2009) . Finally, it and it denote, respectively, the lay-o¤ and out ‡ow rate from unemployment.
The data on employment and productivity per hour were obtained from the Groningen Growth and Development Centre, '60-Industry Database'. 15 Aggregation of the data for the seven technologically advanced Sectors and the rest of the economy was performed by the authors. 16 It should be noted, however, that productivity can be expressed either in per person engaged or per hours worked. Nevertheless, two problems are associated with the former measure. First, there is an obvious multicollinearity problem. Second, and most important, there is the possibility that a technological shock might reduce the persons engaged, thus leading to biased results. However, this can be overcome if productivity is expressed in terms of per-hours worked (Lindé, 2009 ). Finally, the lay-o¤ and arrival rate for the countries included in the analysis were obtained from the data set constructed by Elsby et al. (2008) . 17 In operational terms, equation (15) is estimated using panel-data techniques. As is well known, there are three ways to perform panel-data estimations: namely, pooled ordinary least-squares, and …xed and random e¤ects. According to the …rst way, both the constant term and the coe¢ cients are treated as homogenous across time periods and observational units. In the present context, the latter are countries. Contrary, the …xed-e¤ects technique assumes heterogeneity of the constant term over time and/or across countries. However, the e¤ects associated with the countries can not be identi…ed by this technique in the case of country-variant but time-invariant variables. This drawback can be overcome by using a random-e¤ects speci…cation, expressed in a general form as follows:
y it =c+b 0 x it + ! it (i = 1; :::; n; t = 1; :::; T )
s:t:
where i stands for the unobserved individual-speci…c random e¤ects, which are IID(0; 2 ); v t denotes the unobserved time-speci…c random e¤ects, which are IID(0; 2 v ); and " it is the remaining error term which is distributed as IID(0; 2 " ). Equation (16) represents a two-way random-e¤ects model, given that both time and individual speci…c error terms are included in ! it . In this speci…cation, the two error terms indicate the degree of deviation from the common intercept value.
Intuitively, the random e¤ects model seems to be more appropriate. Nevertheless, its validity can be con…rmed using two tests. First, we use a Lagrange multiplier (LM ) test proposed by Breusch and Pagan (1980) based on the combined time series (t) and cross-sectional (i) residuals (" it ) from the pooled ordinary least squares regression. The null hypothesis of 'no-random e¤ects' for this test is H 0 : 2 = 2 = 0, and the associated statistic is calculated as follows:
Under the null hypothesis, the LM statistic follows a chi-squared distribution with two degrees indicates that our speci…cation does not su¤er from the inconsistency due to omitted variables.
Adopting this estimation method, regressing equation (15) produces the results shown in Table   1 . On the whole, the model …ts the data very well, given that all the explanatory variables are statistically signi…cant. Generally, the econometric results imply a positive (negative) e¤ect of the arrival (lay-o¤) rate on employment in the technologically advanced sectors for the countries included in our sample. This is a rather plausible result, as according to the structure of our model, an increase in the arrival (lay-o¤) rate induces a direct and an indirect e¤ect. More precisely, the former indicates that individuals are able to change from the state of unemployment to employment relatively easily (with some di¢ culty) while the latter implies that, according to Lemma 2, individuals become more (less) picky, as far as employment choices are concerned, i.e. they reject more (less) job-o¤ers from sectors in which they are relatively less specialized.
This econometric exercise o¤ers fascinating insight. The message from the empirical application of the model developed in this paper is straightforward. Of critical importance for our study is the coe¢ cient attached to the adoption parameter ( 1 ). Following the analysis in Section 2, it is expected that 1 > 0. According to the estimated results a 1 per cent increase in relative productivity, caused by an exogenous technological shock, will induce a 55 per cent increase, on average, in the labour force employed in the technologically advanced (leading) sectors. 17 18 
Conclusion
In this paper we have developed a model approximating technology adoption which implies that the probability for workers specialized in the leading sectors of the economy to be employed in such sectors is higher, following a technological shock. Eventually, this will cause an increase in the level of productivity in the economy as a whole. This process can be conceived as a re ‡ection of technology adoption, which, by de…nition, constitutes an externality.
What we have attempted in this paper is to test empirically in a preliminary way the usefulness of this model. As in any modelling situation, we cannot know for certain whether a lack of correspondence between our theoretical presuppositions and the available empirical evidence is the result of the falsity of our target theory or the approximations and omissions that we employed in specifying the empirical model. Clearly much more work -both theoretical and especially empirical -needs to be undertaken before the issue of technology adoption can be discussed with con…dence. Indeed, there is a need for more detailed and focused analysis with speci…c economies as case studies. Such research would help to build more realistic theory and more informed policy recommendations.
Given thatâ 2 <â 0 2 , it follows that:
Adopting a similar procedure equations (9), (10), (13) and (14) yields: (11) comparing employment in Sector 1 on impact (i.e. t = 0), relative to the trend, gives:
The absolute impact on employment in Sector 1 can be obtained by comparing (9) with N 10 : As the time interval becomes in…nitesimally small, from (11), (12), (13) and (14) we obtain, Similarly, from A.5 and A.6 it can be shown that
